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Abstract

Purpose Numerous studies have demonstrated that breast

cancer in young women (BCY) has unfavorable prognostic

features and more unfavorable subtypes. However, few

studies have evaluated the effect of subtype disparities on

breast cancer prognosis by age, especially for BCY. We

analyzed breast cancer mortality stratified by tumor sub-

type according to age among patients younger than

50 years.

Methods Data from the Korean Breast Cancer Society

Registry for patients diagnosed with invasive breast cancer

when aged less than 50 years between 2003 and 2010 were

reviewed retrospectively.

Results We identified 30,793 patients with breast cancer

who were eligible for analysis. Of these, 793 (2.6%) were

aged 20–29 and 8926 (28.8%) were aged 30–39. Median

follow-up duration was 84 months. Mean age was

42.4 years. Patients in their 20s were more likely to have

cancer of advanced stage and higher nuclear grade, present

with lymphovascular invasion, and have unfavorable sub-

types. Patients in the 20s group showed worse prognosis. In

multivariate analysis for overall survival (OS), the hazard

ratio (HR) for patients in the 20s group was higher than that

for the 30s and 40s groups, and patients with triple-nega-

tive breast cancer (TNBC) showed higher HR than patients

with HER-2 or luminal subtype (all p\ 0.0001). When

stratified by subtype, luminal subtype showed significantly

worse prognosis in the 20s group than the 30s and 40s

groups, whereas HER-2 and TNBC subtypes showed no

significant difference.

Conclusion Patients in their 20s with breast cancer had

unfavorable characteristics and worse prognosis than

patients in their 30s and 40s. When stratified by tumor

subtype, patients in their 20s with luminal subtype of breast

cancer showed worse prognosis than older patients,

whereas HER-2 and TNBC subtypes showed no significant

differences.

Keywords Breast neoplasms � Young women � Prognosis �
Intrinsic subtype

Introduction

Breast cancer is one of the most common cancers and a

leading cause of death among women worldwide. Numer-

ous studies have demonstrated that breast cancer in young

women (BCY) has unfavorable prognostic features. These
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cancers are more likely to be high nuclear grade (NG),

estrogen receptor (ER) negative, progesterone receptor

(PR) negative, and human epidermal growth factor-2

(HER-2) positive, have a high proliferation fraction, pre-

sent with lymphovascular invasion (LVI), and be diag-

nosed at more advanced stage [1–4]. Furthermore, some

studies demonstrate that young age is an independent

unfavorable prognostic factor [5, 6].

The molecular subtype of breast cancer is associated

with prognosis and response to treatment such as

chemotherapy and endocrine therapy [7]. BCY tends to

have a higher proportion of intrinsic breast cancer subtypes

associated with a poorer prognosis such as triple-negative,

HER-2, and luminal B subtypes [3, 8, 9]. Few studies have

evaluated the effect of subtype disparities on breast cancer

prognosis by age, especially BCY [10–12].

In the United States, approximately 230,000 women

are diagnosed with breast cancer annually; among them,

4.7–4.9%, or approximately 11,000 patients, are diag-

nosed when they are younger than 40 years [13, 14].

According to the 2014 annual report of the Korean Breast

Cancer Society Registry (KBCSR), of 21,484 patients

diagnosed with new breast cancer, more than 10.5% were

younger than 40 years [15]. We analyzed breast cancer

mortality stratified by tumor subtype according to age

among patients younger than 50 years using the KBCSR

database, which has a higher proportion of BCY than

Western populations.

Materials and methods

We identified 37,865 patients who were diagnosed at

20–49 years of age. We excluded male patients and

patients who underwent neoadjuvant chemotherapy, had

distant metastasis or inflammatory breast cancer at pre-

sentation, or had histopathology other than invasive ductal

or invasive lobular carcinoma. We also excluded patients

who lacked immunohistochemistry data (ER, PR, HER-2)

or had short follow-up duration (\12 months).

Data collection

Data from an online breast cancer registration program

collected by the KBCSR on patients diagnosed with inva-

sive breast cancer between January 2003 and December

2010 were retrospectively reviewed. The database col-

lected information on more than 50 demographic and

clinicopathological characteristics including sex, age at

diagnosis, method of surgical treatment, stage according to

American Joint Committee on Cancer (AJCC) classifica-

tion [16], histopathological characteristics, adjuvant

therapy (chemotherapy, radiotherapy, and endocrine ther-

apy), and date of death from the Ministry of Health and

Welfare, Republic of Korea. The KBCSR has been

described in detail previously [17]. We collected data on

age at diagnosis, family history of breast cancer, type of

operation, pathologic stage, NG, LVI, ER/PR/HER-2 sta-

tus, and type of adjuvant treatment. Patient tumors were

classified into four subtypes: luminal A (positive for ER

and/or PR and negative for HER-2); luminal B (positive for

ER and/or PR and HER-2); HER-2-enriched (negative for

ER/PR and positive for HER-2); and triple-negative breast

cancer (TNBC) (negative for ER/PR and HER-2). ER, PR,

and HER-2 status in surgical specimens were assessed at

each center using routine immunohistochemistry protocols.

Statistical analysis

Patient characteristics were compared using independent t

tests for continuous variables and the Chi-square or Fish-

er’s exact test for categorical variables. Values are reported

as mean ± standard deviation (SD) or median with ranges.

Kaplan–Meier curves with the corresponding results of log-

rank tests were constructed for overall survival (OS).

Univariate and multivariate analyses for OS were con-

ducted with a Cox proportional hazards model to estimate

hazard ratios (HRs) and 95% confidence intervals (CIs).

Patients with any missing or unknown data were excluded

from analysis by Cox models. OS was defined as the time

between date of surgery and date of death from any cause.

All tests were two sided, and p\ 0.05 was considered

significant. All statistical analyses used SAS version 9.4

(SAS Institute, Cary, NC, USA) and R3.2.1 (Vienna,

Austria; http://www.R-project.org). This study adhered to

the ethical tenets of the Declaration of Helsinki and was

approved by the Institutional Review Board of Samsung

Medical Center in Seoul, Korea (IRB number: 2017-04-

021). The need for informed consent was waived because

of the low risk posed by this investigation.

Results

Patient selection

A schematic diagram of patient selection is shown in

Fig. 1. We identified 37,865 patients between 20 and

49 years of age with invasive breast cancer registered in

the KBCSR database. Of these patients, we included only

those eligible based on the following inclusion criteria:

stage I–III breast cancer, no neoadjuvant chemotherapy,

invasive ductal or invasive lobular carcinoma, follow-up

longer than 12 months, and existing ER/PR/HER-2 data.
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Baseline characteristics by age group

Among 30,793 patients eligible for analysis, 793 (2.6%)

were aged 20–29 years, 8133 (26.4%) were 30–39, and

21,867 (71.0%) were 40–49. Among all eligible patients,

2471 (8.0%) died after undergoing an operation for breast

cancer. Clinicopathological characteristics and adjuvant

treatments according to age group are summarized in

Table 1. Median follow-up duration was 84.8 (12.0–132.1)

months. Mean age was 42.1 (±5.4) years. Patients in the

20s group were more likely to have cancers with advanced

stage, higher NG, presence of LVI, and TNBC subtype

than those in the 30s and 40s age groups (p\ 0.0001 for

all). In addition, patients in the 20s group were more likely

to undergo chemotherapy than those in the 30s and 40s age

groups (p\ 0.0001).

Association between age group/tumor subtype

and overall survival

Patients in the 20s age group had worse OS than patients in

the 30s and 40s age groups (p\ 0.001; Fig. 2). Patients in

the younger group had increased HR in univariate and

multivariate analyses for OS (Table 2). In these analyses,

patients with TNBC showed higher HR for OS than

patients with HER-2, luminal B, or luminal A subtype:

TNBC, 2.514 (2.075–3.045); HER-2 subtype, 2.262

(1.829–2.797), luminal B subtype, 1.437 (1.220, 1.692),

and luminal A subtype (reference) (all p\ 0.001)

(Table 2).

Relationship of age group and overall survival

stratified by tumor subtype

Patients with cancer of luminal A or B subtype showed

significantly worse prognosis for the 20s age group than the

30s and 40s age groups (both p\ 0.0001; Fig. 3). How-

ever, the prognosis of cancer of HER-2 subtype was not

significantly different by age group (p = 0.440; Fig. 3),

and the TNBC subtype also showed no significant differ-

ence between women in the age groups of 20s versus 30s,

and 20s versus 40s (p = 0.445 and p = 0.592; Fig. 3).

When stratified by tumor subtype, luminal A and B sub-

types showed higher HRs in the 20s age group than in the

30s and 40s age groups, whereas HER-2 and TNBC sub-

types were not significantly different among the age groups

after additional adjustment for pathological stage, NG,

LVI, tumor subtype, adjuvant chemotherapy, adjuvant

radiotherapy, and adjuvant hormonal therapy (Table 3).

Discussion

We analyzed the relationship between mortality of breast

cancer patients who were younger than 50 years and tumor

subtype and age. We showed that patients diagnosed in

their 20s tended to have unfavorable prognostic factors and

worse prognosis than those in their 30s and 40s. However,

when cancers were stratified by tumor subtype, no signif-

icant difference was observed for HER-2 and TNBC sub-

types according to age group. Luminal subtypes showed

Fig. 1 Schematic diagram for

patient selection
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Table 1 Baseline

characteristics
Age at presentation p value

20–29 (group I) 30–39 (group II) 40–49 (group III)

N (%) N (%) N (%)

Overall 793 (2.6) 8133 (26.4) 21,867 (71.0)

Year at operation 0.0002

2003–2007 463 (58.4) 4622 (56.8) 11,910 (54.5)

2008–2010 330 (41.6) 3511 (43.2) 9957 (45.5)

Pathologic stage \0.0001

I 295 (37.2) 2928 (36.0) 9288 (42.5)

II 373 (47.0) 3644 (44.8) 9078 (41.5)

III 119 (15.0) 1442 (17.7) 3211 (14.7)

Unknown 6 (0.8) 119 (1.5) 290 (1.3)

Family history \0.0001

Yes 81 (10.2) 674 (8.3) 1391 (6.4)

No 712 (89.8) 7459 (91.7) 20,476 (93.6)

Nuclear grade \0.0001

Low 85 (10.2) 941 (11.6) 3824 (17.5)

Intermediate 288 (36.3) 3340 (41.1) 9688 (44.3)

High 331 (41.7) 3165 (38.9) 6650 (30.4)

Unknown 89 (11.2) 687 (8.5) 1705 (7.8)

LVI \0.0001

Yes 249 (31.4) 2840 (34.9) 6711 (30.7)

No 433 (54.6) 4367 (53.7) 13,005 (59.5)

Unknown 111 (14.0) 926 (11.4 2151 (9.8)

ER status \0.0001

Positive 456 (57.5) 4954 (60.9) 15,235 (69.7)

Negative 337 (42.5) 3179 (39.1) 6632 (30.3)

PR status \0.0001

Positive 424 (53.5) 4659 (57.3) 14,800 (67.7)

Negative 369 (46.5) 3474 (42.7) 7067 (32.3)

HER-2 status 0.004

Amplification 137 (17.3) 1534 (18.9) 3969 (18.2)

Not amplification 656 (82.7) 6596 (81.1) 17,898 (81.8)

Subtype \0.0001

Luminal A 314 (39.6) 3529 (43.4) 11,716 (53.6)

Luminal B 190 (24.0) 1895 (23.3) 4775 (21.8)

HER-2 52 (6.6) 724 (8.9) 1723 (7.9)

TNBC 237 (29.8) 1895 (24.4) 3653 (16.7)

Type of operation \0.0001

BCS 515 (64.9) 4312 (53.0) 11,987 (54.8)

TM 273 (34.4) 3770 (46.4) 9773 (44.7)

Unknown 5 (0.6) 51 (0.6) 107 (0.5)

Chemotherapy \0.0001

Yes 636 (80.2) 6441 (79.2) 16,041 (73.4)

No 111 (14.0) 1172 (14.4) 4403 (20.1)

Unknown 46 (5.8) 520 (6.4) 1423 (6.5)

Radiotherapy \0.0001

Yes 535 (67.5) 4790 (58.9) 12,797 (58.5)

No 189 (23.8) 2562 (31.5) 6926 (31.7)

Unknown 69 (8.7) 781 (9.6) 2144 (9.8)
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worse prognosis in the 20s age group than in the 30s and

40s age groups.

Previous articles demonstrated that BCY is an inde-

pendent risk factor for recurrence and mortality [5, 18, 19].

However, these studies did not consider the prognostic

impact of age stratified by breast cancer subtype. A retro-

spective analysis of a randomized controlled trial of

patients with early-stage HER-2-positive breast cancer who

underwent chemotherapy followed by trastuzumab or no

trastuzumab suggested that BCY is neither prognostic nor

predictive of short-term oncological outcome [20]. For the

TNBC subtype, Sheridan et al. [21] reported no differences

according to age. Our study results were consistent with

previous studies in which patients with HER-2 and TNBC

subtype cancer showed no significant difference in

mortality.

For luminal subtype, many studies report that BCY has a

worse prognosis than breast cancer in older patients

[21–24]. Partridge et al. [22] reported that age less than

40 years was associated with significant increases in risk of

breast cancer-specific death from luminal A (HR 2.1, 95%

CI 1.4–3.2) or luminal B (HR 1.4, 95% CI 1.1–1.9) subtype

compared with older age groups. Of 17,575 patients with

stage I–III breast cancer, 1916 were younger than 40 years

and 1298 of them had luminal subtype cancer. BCY in

western countries is relatively rare, and breast cancer in

patients younger than 30 years is extremely rare, with an

incidence lower than 1%. Furthermore, the proportion of

luminal subtypes among BCY patients is lower than that of

older patients with breast cancer. As precise analysis of this

group is difficult, few studies show relationships between

age and subtype for BCY. To the best of our knowledge,

our study is the first to describe the characteristics of a

large number of women in their 20s with breast cancer and

the largest study on the relationships among breast cancer

mortality, subtype, and age in BCY. More than 30,000

patients were included in our analysis, with approximately

9000 being younger than 40 years. We subgrouped the

patients into 20s and 30s. Luminal A and B subtypes had

higher risks of mortality in patients diagnosed at an earlier

age (Fig. 3).

There are few potential hypotheses for why younger

patients have worse prognosis than older patients with

luminal breast cancer. In younger patients, the incidence of

chemotherapy-induced amenorrhea is reduced, resulting in

worse prognosis for hormone receptor-positive breast

cancer [25–27]. Regan et al. [28] reported that weakly ER-

positive and/or PR-positive tumors were less responsive to

adjuvant endocrine therapy in the SOFT and TEXT ran-

domized phase III trials. Viale et al. [29] also suggested

that weakly ER-positive tumors are less responsive to

adjuvant endocrine therapy in analyses using the Breast

International Group 1-98 trial database. Sheffield et al. [30]

reported that 90% of patients with weak ER positivity by

immunohistochemistry (IHC) were classified as basal-like

or HER-2-enriched subtypes by gene expression profiling

using RT-qPCR. BCY was more likely to have weaker

mRNA expression for ERa (p\ 0.0001), ERb (p = 0.02),

and PR (p\ 0.0001), but often had higher expression of

HER-2 (p\ 0.0001) and epidermal growth factor receptor

(p\ 0.0001), resulting in a lower response to adjuvant

Table 1 continued
Age at presentation p value

20–29 (group I) 30–39 (group II) 40–49 (group III)

N (%) N (%) N (%)

Hormone therapy \0.0001

Yes 443 (55.9) 4825 (59.3) 14,692 (67.2)

No 278 (35.1) 2412 (29.7) 4777 (21.9)

Unknown 72 (9.1) 896 (11.0) 2398 (11.0)

ER estrogen receptor, PR progesterone receptor, HER-2 human epidermal growth factor-2, TNBC triple-

negative breast cancer, BCS breast-conserving surgery, TM total mastectomy

Fig. 2 Kaplan–Meier curve of overall survival according to age

group
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endocrine therapy [31]. Even though BRCA 1/2 mutations

and other genetically related tumors are not clearly asso-

ciated with breast cancer prognosis, BCY is more likely to

have genetic mutations such as BRCA 1/2 than other

genetic-related tumors [7, 32]. Finally, studies show that

BCY is a risk factor for nonadherence and discontinuance

of adjuvant endocrine therapy, resulting in worse onco-

logical outcomes [33–35]. However, the issues of nonad-

herence and nonpersistence have many compound factors

including age, increased out-of-pocket costs, social sup-

port, and treatment side effects [34].

A major strength of our study is the large number of

BCY patients, at approximately 9000. This number

allowed evaluation of the association of age and subtype

for women in their 20s with breast cancer. We are about to

use the eighth AJCC staging based on TNM anatomical

factors and biological factors such as tumor grade, prolif-

eration rate, and ER, PR, and HER-2 status in the staging

system [36]. ER- and PR-positive breast cancer will be

down-staged in the 8th AJCC staging. However, young

patients with luminal subtype had worse prognosis so it

should not be underestimated. Another change in the 8th

AJCC staging system is that gene expression prognostic

panels are incorporated into the staging system. Among the

patients with luminal A subtype, node-negative cancers

with tumor size less than or equal to 5 cm combined with

low risk of multigene panels are expected to be categorized

as stage I. However, gene expression prognostic panels are

usually developed for postmenopausal patients and their

applications in BCY patients are uncertain, especially for

breast cancer patients in their 20s [37–40]. In the future,

studies on gene expression prognostic panels validated for

BCY are needed.

Our study had a few limitations. First, our study had a

retrospective design based on analysis of the KBCSR

database. We lacked information on detailed patient

oncological outcome such as locoregional recurrence, dis-

tant metastasis, and contralateral recurrence. We also

Table 2 Univariate and

multivariate analyses for overall

survival

Univariate Multivariate

p value HR 95% CI p value HR 95% CI

Age at diagnosis \0.0001 \0.0001

20–29 \0.0001 2.199 (1.819, 2.658) \0.0001 2.015 (1.617, 2.511)

30–39 \0.0001 1.606 (1.478, 1.746) \0.0001 1.322 (1.197, 1.461)

40–49 (ref.)

Operation period

2003–2007 (ref.)

2008–2010 \0.0001 0.742 (0.676, 0.815) 0.005 0.822 (1.768, 0.953)

Pathologic stage \0.0001 \0.0001

I (ref.)

II \0.0001 2.416 (2.146, 2.719) \0.0001 1.786 (1.534, 2.080)

III \0.0001 8.092 (7.201, 9.094) \0.0001 5.786 (4.927, 6.794)

Family history

Yes 0.518 1.052 (0.903, 1.225) 0.9972 1.000 (0.835, 1.197)

No (ref.)

Nuclear grade \0.0001 \0.0001

Low (ref.)

Intermediate \0.0001 2.549 (2.123, 3.061) 1.806 (1.430, 2.281)

High \0.0001 4.748 (3.966, 5.684) 1.903 (1.476, 2.454)

LVI

Yes \0.0001 2.618 (2.404, 2.850) \0.0001 1.433 (1.289, 1.592)

No (ref.)

Subtype \0.0001 \0.0001

Luminal A (ref.)

Luminal B 2.275 (2.046, 2.530) \0.0001 1.437 (1.220, 1.692)

HER-2 3.025 (2.649, 3.455) \0.0001 2.262 (1.829, 2.797)

TNBC 3.118 (2.815, 3.453) \0.0001 2.514 (2.075, 3.045)

HR hazard ratio, CI confidence interval, NG nuclear grade, LVI lymphovascular invasion, CTx

chemotherapy, RTx radiotherapy, HTx hormone therapy
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lacked information on proliferation markers such as Ki-67

and on administration of adjuvant treatment such as tras-

tuzumab and goserelin. In addition, the database lacked

information about adherence to adjuvant endocrine ther-

apy, adjuvant chemotherapy, or goserelin. Adherence to

adjuvant endocrine therapy is important for breast cancer

of luminal subtype and could affect mortality from breast

cancer. Second, the median follow-up of 84 months was

relatively short, especially for luminal subtype cancer.

Finally, we used IHC markers (ER, PR, and HER-2) as

surrogates for gene expression. Although IHC profiles have

been successfully used as surrogates, they can lead to

misclassification. Despite these limitations, our study used

a nationwide database linked to survival data officially

confirmed by the KBCSR. All patients analyzed in the

study were ethnically homogeneous (all patients were

Korean), and the database had detailed clinicopathological

characteristics including HER-2 status and treatment

information. Our findings were consistent with results from

the National Comprehensive Cancer Network Breast Can-

cer Outcomes Database Project [22].

In conclusion, breast cancer patients in their 20s had

unfavorable characteristics and worse prognosis than

patients in their 30s and 40s. When stratified by tumor

Fig. 3 Kaplan–Meier curve of overall survival according to age group stratified by tumor subtype
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subtype, women in their 20s with breast cancer of luminal

subtype showed worse prognosis, while cancer of HER-2

and TNBC subtypes was not significantly different

according to age.
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